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Summary
Objective: Our aim was to determine whether response shift (RS), a change in the internal standards of a patient, occurs in patients treated for
full thickness knee cartilage defects. We have also evaluated the effect of functional scores on patient satisfaction after surgery.
Design: Self-administered questionnaires were used to evaluate pre- and post-operative and retrospective post-operative scores of 53
patients following knee microfracture. Patient satisfaction, Lysholm, Visual Analogue Scale (VAS) for pain and modiﬁed International Knee
Documentation Committee (IKDC) scores were evaluated. RS (pre-testethen-test), unadjusted and adjusted treatment effects (UTE and ATE)
and their effect sizes were calculated.
Results: All four functional outcome measures had a positive RS. The effect size of the RS ranged from around 0.35 for the Lysholm and
IKDC2 score to over 0.9 for the VAS pain score. Gender, age, smoking status and time since follow-up did not signiﬁcantly affect the RS.
RS did not differ signiﬁcantly between the three patient satisfaction groups (P> 0.05). Post-operative Lysholm and IKDC1 scores differed
most signiﬁcantly between the satisfaction groups.
Conclusions: All four scores had a signiﬁcant shift, implying that patients thought they felt worse before the operation in retrospect than they
did at the time. The traditional way of assessing treatment effect, difference between post-intervention and pre-intervention functional scores,
may be confounded by change in the internal standards of the patient and should take this into account. RS did not affect the clinical inter-
pretation in this case series. Patient-reported satisfaction after surgery is only related to post-operative scores.
ª 2009 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
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With the advent of techniques such as Autologous Chon-
drocyte Implantation (ACI), mosaicplasty and microfracture
to treat cartilage defects, comparison between techniques
has become important and several clinical trials have
been reported1e3. The main outcome measures in these
trials are pre-operative and post-operative comparison of
patient-reported scores.
The method of assessing the effect of a medical interven-
tion by comparing between pre-intervention and post-inter-
vention health status has two underlying assumptions.
Firstly, patients have an internalized standard of measure-
ment for symptoms, and secondly, this standard is stable
over time4. However, it is now widely recognized that peo-
ple change their internal standards when they experience
changes in health, a phenomenon denoted as ‘‘response
shift’’ (RS)5. The existence of RS implies that the second
assumption is not true. The treatment effect as estimated
from difference between post-intervention and pre-interven-
tion may therefore be confounded and should ideally take
into account RS6.
RS has been well known in the ﬁeld of educational re-
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1009conditions like hearing loss, otitis media and obstructive
sleep apnoea as well as in terminal illnesses like can-
cer9e14. A study15 found a positive impact of treatment
only when RS was taken into consideration.
One method to account for any change in internal stan-
dards makes use of a retrospective pre-intervention test,
which the patient takes simultaneously to the post-interven-
tion test (or ‘‘post-test’’)6. This retrospective pre-test is
known as the ‘‘then-test’’. The underlying assumption is
that by taking then-test and post-test simultaneously, the
patient uses the same internalized standard of measure-
ment. Comparison of post-test and then-test scores would
therefore give a measure of treatment effect not con-
founded by a change of internal standards. Moreover, the
size and direction of the RS can be assessed by subtracting
then-test scores from actual pre-intervention (or ‘‘pre-test’’)
scores6.
Using then-test, a recent study revealed that patients with
severe osteoarthritis show RSs16. In that study, candidates
for knee replacement were asked to score their pre-inter-
vention health status 2 weeks before surgery (pre-test)
and retrospectively 6 months after surgery (then-test).
Then-test scores were lower than pre-test scores, suggest-
ing that after the operation they perceived themselves as
having been more disabled before surgery than they re-
ported at that time. The effect size of the RS was however
small compared to the effect size of the surgical intervention
and therefore did not alter the interpretation of the clinical
results16.
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trials to assess the effect of interventions1e3, RS in this
group of patients may inﬂuence the outcome. It is therefore
important to assess whether RS occurs in these patients
and how large the effect is.
An additional problem when assessing the effect of treat-
ment is that overall patient satisfaction often does not corre-
late well with patient-reported scores or with their change
from pre-operative to post-operative values17e19. Patient
satisfaction in these studies is often assessed as a single-
item global measure, which has been shown to be a valid
method18. Potential inaccuracies exist in measuring out-
comes following total joint arthroplasty with use of simple
pre-test and post-test methods20. Such inaccuracies might
explain the discrepancy between outcome scores and sat-
isfaction. It is possible that RS may also affect patient satis-
faction. Taking this into account may give a better treatment
assessment which correlates better with overall patient
satisfaction.
The aim of our study was therefore to determine whether
RS occurs in patients treated for full thickness cartilage de-
fects, as measured from patient-reported functional scores,
and if so to determine the effect size of the RS. A secondary
aim was to determine which aspect of functional scores
(pre-op score, retrospective pre-op score, post-operative
score, RS and treatment effect) is related to patient-re-
ported satisfaction after surgery.Table I
Descriptive statistics for RS, UTE and ATE for the four non-categor-
ical outcome measures. P values are from the Wilcoxon matched-
pairs signed-ranks test
Variable Median IQR P-value Effect size
RS VAS 1.9 2.8 to 0.5 <0.001 0.92
Lysholm 7 4 to 17 0.008 0.33
IKDC1 1.0 2 to 0 <0.001 0.71
IKDC2 0.5 3.5 to 1 0.022 0.36
UTE VAS*** 2.7 4.5 to 0.7 <0.001 1.19
Lysholm** 21 4e32 <0.001 1.12
IKDC1*** 1.5 3 to 1 <0.001 1.68
IKDC2* 2 3.5 to 0 <0.001 0.77
ATE VAS*** 3.9 6.0 to 2.3 <0.001 1.98
Lysholm** 21 8e44 <0.001 1.14
IKDC1*** 2 4 to 1 <0.001 1.71
IKDC2* 3 7 to 0 <0.001 0.88
*, **, *** indicate signiﬁcant difference between UTE and ATE for
a particular score. *P¼ 0.02, **P¼ 0.006, ***P< 0.001 (Wilcoxon
matched-pairs signed-rank test).Materials and methods
The Sports Injury database and Electronic Patient Record system at the
Robert Jones and Agnes Hunt Orthopaedic Hospital, Oswestry were used
to obtain details of 53 patients who had knee microfracture. All patients
had a follow-up of at least 6 months. They had been operated upon by the
two senior authors (SNJR & DR). The same post-operative rehabilitation pro-
tocol was carried out for all patients.
Self-administered questionnaires were used for this study. The patients
were asked to rate the outcome of their knee microfracture surgery as satis-
factory, not satisfactory or indeterminate. Further outcome measures were
the Lysholm score (0e100 with 100 the best knee status)21, Visual Analogue
Scale (VAS) for worst pain in the preceding week (0e100 with 0 representing
no pain) and two scores based on summing the scores of the answers to the
ﬁrst two items of the International Knee Documentation Committee (IKDC)
form (IKDC1 dealing with subjective assessment, 0e6) and IKDC2 dealing
with symptoms (0e12 with 0 the best knee status)22.
At the pre-operative assessment, 2 weeks before the operation, all pa-
tients had ﬁlled in the questionnaires (pre-test). For the present study, pa-
tients were sent the questionnaires by post and asked to ﬁll in one column
imagining their knee status as it felt before surgery (then-test) and one de-
scribing their knee status as it felt presently (post-test).
RS (pre-testethen-test), unadjusted treatment effect (UTE) (post-teste
pre-test) and adjusted treatment effect (ATE) (post-testethen-test scores)
were calculated for each of the outcome measures. Through its deﬁnition,
a positive RS implies that patients considered themselves better at the actual
pre-test assessment than they do retrospectively at the then-test assess-
ment. Paired two-sample tests were used to decide whether RS and the
two treatment effects were signiﬁcant and whether the two treatment effects
differed signiﬁcantly. Effect size was calculated as the ratio of average differ-
ence in score and root mean square of the two standard deviations of the
pairs of scores23. Unpaired two-sample tests or correlation tests were
used to investigate whether gender, age or smoking status affected the RS.
To ﬁnd which individual patients demonstrated an RS, we used the Min-
imum Detectable Change (MDC), the minimum difference between two mea-
surements on an individual that represents a ‘‘true’’ change beyond the
measurement error. Because a testeretest reliability has been published
for the VAS worst pain score (ICC¼ 0.76)24 and the Lysholm score
(ICC¼ 0.91)25, we determined the MDC for those two scores using the for-
mula MDC¼ 1.96SD O[2(1 ICC)]26. Changes above this threshold
will be a ‘‘true’’ change with 95% probability. Based on the baseline standard
deviations (SDs) for the VAS pain and Lysholm scores of our patients, we
found an MDC for these two scores of 2.6 and 15, respectively.
Analysis of Variance (ANOVA) was used to determine which of the sev-
eral pre-test, then-test and post-test scores signiﬁcantly differed between
the groups of patients within each satisfactory category.
Tests for normality of the data showed that most scores did not follow
a normal distribution (ShapiroeWilks test, P< 0.05). For this reason, medianand Inter Quartile Range (IQR) were reported, and non-parametric tests (Wil-
coxon matched-pair signed-rank, ManneWhitney, Spearman correlation,
KruskaleWallis) were used. However, the effect size was calculated para-
metrically to allow comparison with other publications. Data analysis was
performed using SYSTAT version 11 (SYSTAT Software Inc, Richmond,
CA) and statistical signiﬁcance was accepted for P< 0.05.Results
There were 17 females and 36 male patients, with a me-
dian age of 42 years (IQR 32e48). Eleven of the patients
were over 50 years of age. The median time since injury
was 12 months (IQR 7e21) and median follow-up was 34
months (IQR 15e52). Nine patients were smokers. Seven-
teen patients had a medial defect, seven a lateral, sixteen
a defect at the patellofemoral joint and fourteen a combined
defect. All patients returned the postal questionnaire al-
though they did not always ﬁll in all ﬁelds. On average,
the patients in our study revealed a signiﬁcant RS in all
four outcome measures (Table I). The Lysholm score had
a positive median RS, whereas all other scores had a nega-
tive one (Table I). However, since the VAS pain score and
both IKDC scores are minimal for the best pain or knee sta-
tus, the RS in terms of whether the patient felt better or
worse in retrospect was identical for all scores. All scores
had a positive shift, implying that patients felt better when
asked before surgery than they did after surgery when
asked to look back. The effect size of the RS ranged from
around 0.35 for the Lysholm and IKDC2 score to over 0.9
for the VAS pain score (Table I).
For all scores, there was a signiﬁcant difference between
pre-test and post-test scores, indicating a signiﬁcant UTE
(Table I). Based on most outcome measures, the effect
size of UTE was between 0.8 and 1.2, indicating a ‘‘large’’
treatment effect23. There was also a signiﬁcant difference
between then-test and post-test scores, indicating that
ATE was signiﬁcant as well (Table I). Moreover, since the
RS for almost all outcome measures indicated patients
when looking back perceived themselves feeling worse be-
fore surgery than they did at that time, the median ATE was
larger than the UTE for most outcome measures except for
the Lysholm score (Table I). In terms of effect size, the ATE
for Lysholm, IKDC1 and IKDC2 was identical to or only little
larger than the corresponding UTE (resp. 2%, 2% and 14%
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large for the VAS pain score (67% of the effect size,
Table I). For all four scores, the difference between UTE
and ATE was signiﬁcant (Table I).
Based on the MDC of VAS pain and Lysholm scores, the
majority of patients (30/42 (71%) returning all three VAS
pain scores and 31/51 (61%) returning all three Lysholm
scores) did not show an RS in either score. Twelve patients
had a negative RS of the VAS pain score larger than the
MDC, feeling themselves better before surgery than in ret-
rospect, and none with a positive RS larger than the
MDC. Fifteen patients had a positive RS of Lysholm score
larger than the MDC and thus felt themselves better before
surgery than in retrospect. Five patients had a negative RS
of the Lysholm score larger than the MDC. Although the
VAS pain and Lysholm RSs correlated signiﬁcantly
(r¼0.37, P< 0.02), only four of the patients had an indi-
vidually measurable shift on both scores.
Gender, age, smoking status, time since injury and time
since follow-up did not signiﬁcantly affect the RS in any of
the scores. RS also did not differ signiﬁcantly between the
three patient satisfaction groups (P> 0.05).
In order to evaluate the relationship between patient satis-
faction and speciﬁc outcome scores, non-parametric
ANOVA was used to determine if ATE and UTE, along with
pre-test, then-test and post-test values for the various
scores, differed between the three satisfaction groups.
Only post-operative scores, in particular the Lysholm, VAS
pain and IKDC1 scores, differed signiﬁcantly between the
three groups (Table II). The effect size of the difference
varied between 0.4 and 0.7, suggesting a large inﬂuence of
post-operative outcome on patient satisfaction. Neither of
the pre-op and then-test scores nor the UTE or ATE differed
signiﬁcantly between satisfaction groups (P> 0.1 in all
cases).Discussion
Our study shows that RS occurs in patients treated for full
thickness cartilage defects by microfracture, as measured
from patient-reported functional and pain scores. The direc-
tion of the RS indicated that on average our patients consid-
ered themselves worse before the operation in retrospect
then they did when asked at the time. The effect size of
the RS ranged from 0.35 for Lysholm and IKDC2 to 0.92
for the VAS pain score. In addition, our study shows that
patient-reported satisfaction after surgery is only related to
post-operative score, and not to pre-op score, retrospective
pre-op score, RS or treatment effect.Table II
Distribution of post-operative outcome scores between the three
satisfaction groups
Post-operative
score
Patient satisfaction Effect
size f
Yes Can’t say No
VAS* 0.7 (0.3e1.3) 1.2 (0.8e3.4) 3.3 (2.4e5.7) 0.40
Lysholm** 91 (82e96) 77 (71e86) 56 (41e79) 0.62
IKDC1** 2 (0e2) 2 (1.5e2) 4 (3.5e4) 0.72
IKDC2 0 (0e0) 0 (0e1.5) 6 (0e8.3) 0.41
All valuesaremedian (IQR). *, ** denote that scoresdiffer signiﬁcantly
between satisfaction groups (*P< 0.05, **P< 0.01; KruskaleWallis
test). Effect size is parametric effect size based on average scores for
each group and pooled standard deviation.Patient-reported Quality of Life and functional scores
used in clinical research are not designed to account for
RS. They assume that people respond consistently on mea-
surement scales and that scales are directly comparable
across individuals over time15. In our study, we used the
most common approach to determine such a change in
internal standards, a retrospective pre-operative test or
‘‘then-test’’27. Any differences between the retrospective
pre-operative test and the real pre-operative test, taken at
the time, are thought to indicate a change in internal stan-
dards6. Our study revealed that patients who were treated
for knee cartilage defects have such a change in internal
standards when measured using functional scores. All
four scores that we compared (VAS pain, Lysholm, IKDC1
and IKDC2) had a signiﬁcant shift. Such a positive RS is
also found in other studies following surgery11,16,28. A very
likely explanation for this is adaptation to the illness28,29.
In general, people adapt to most conditions within
months30. After 3 years, people with moderate levels of dis-
ablement have adapted completely and are on average as
happy as before their disablement31. Patients with a chronic
disease are therefore likely to judge their situation more fa-
vourable at the time of illness than when asked to look back
in a healthy status. A similar effect occurs when the general
public is asked to imagine having a particular disease and
assess the associated health state e they commonly pro-
vide lower estimates of health than patients with the
disease29.
In addition to determining RS as averages for the whole
patient group, we also determined RS of the VAS pain
and Lysholm scores at the individual patient level, based
on the MDC. We found that a majority of our patients (two
thirds) did not show an RS above the MDC. Despite using
a different method to identify individual RS in stroke pa-
tients, a recent study found a similar majority of patients
who did not have an RS (67%)32. If correct, this would sug-
gest that only a minority of patients have a detectable
change of internal standards representing adaptation to
their diseased state. This relative lack of adaptation may
be related to time e perhaps the time since onset of disease
was simply too short to allow full adaptation in most pa-
tients. In the stroke study, for instance, patients were only
followed up to a year after the stroke and in our study me-
dian follow-up was 12 months. Moreover, asking someone
speciﬁc questions about their disease rather than a general
question on subjective wellbeing may evoke clearer memo-
ries of the time of being injured. Finally, these results may
also highlight the difference between individuals in adapting
to new situations, as has been stressed in recent research
on wellbeing33.
A surprise to us was the ﬁnding that ﬁve patients had
a negative RS larger than the MDC, i.e., they regarded
themselves better in retrospect than they did at that time.
The only other published study on RS at the individual level
also found patients with a positive as well as a negative
RS32. This phenomenon is difﬁcult to explain in terms of ad-
aptation (or lack of adaptation) to the diseased state. The
ﬁve patients were also not dissatisﬁed patients who might
be trying to diminish their improvement following surgery
by scoring themselves higher before surgery in retrospect
(three of the ﬁve were satisﬁed, one not satisﬁed, and one
undecided). One explanation for this complete failure of ad-
aptation could be the variability between individuals in cop-
ing with a new situation. Recent work on the mechanisms of
adaptation suggests that it strongly relies on a person’s abil-
ity to explain (understand) a new situation34. If explanation
fails, adaptation to the change is likely to fail and feelings
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time34. Besides, recent work on subjective health com-
plaints has stressed the roles of an increased sensitivity
to normal physiological processes (such as a lowered toler-
ance to pain) and an attentional bias to health-related infor-
mation in failure of coping with these complaints35,36.
Similar processes might be at work in these ﬁve patients.
In our study, the effect size of the RS varied between 0.35
for Lysholm and IKDC2 and 0.92 for the VAS pain score.
The effect sizes of Lysholm and IKDC2 are in the range
of those found for the category ‘‘Physical Role Limitations’’
in a recent meta-analysis5 and slightly larger than those
found in a study of patients suffering from arthritis treated
with a knee prosthesis where the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) score
was used16. However, the effect size of the RS for pain in
this study was larger than that for pain in any of the studies
mentioned in a meta-analysis5. This may be related to the
speciﬁc instrument that we used to measure pain, namely
a VAS. In a meta-analysis, only ﬁve of the included studies
used a VAS, all for overall Quality of Life. Two of these stud-
ies reported on surgical interventions and found an effect
size for the RS of 0.55 and 1.1 SD, both more than the
average effect size of 0.35. This suggests that VASs may
be more sensitive to RS than questionnaires. The lower
reliability of the VAS for pain compared to a question-
naire-based score such as Lysholm could be part of the ex-
planation of the large value of the RS. Our data on RS in
individual patients corroborate this assumption: although
we found a larger average value of the RS in the VAS for
pain, based on the MDC, a smaller percentage of individ-
uals had a signiﬁcant RS on the VAS for pain.
Patient satisfaction after surgery is a complex concept, in
which the treatment outcome only plays a part. Other fac-
tors such as access to the hospital, experience during reha-
bilitation, interaction with others, attitude of family and
friends and occupational issues also play an important
role37. Which aspect of functional outcomes contributed to
patient satisfaction after surgery was the only question
addressed in this study. We found that patient satisfaction
after microfracture was only related to post-operative func-
tional scores but not to treatment effect, pre-operative score
(actual or retrospective) or RS. The importance of post-
operative scores echoes the ﬁndings of a study on factors
related to patient satisfaction after lumbar spine decompres-
sion18. Our results suggest that taking RS into account does
not alter this conclusion. It therefore seems that patient
satisfaction after orthopaedic surgery, in particular micro-
fracture and spinal decompression, mainly depends on
how the patient is functioning after treatment and not on
how much they improved.
The main weakness of our study is the method that we
used to determine RS, namely the then-test. This method
is the one most widely used, mainly because of its simplic-
ity5,27. It assumes that respondents will use their post-oper-
ative internal standards when providing a re-evaluation or
‘then-test’ rating of their pre-operative score. It therefore re-
lies on the patients’ ability to correctly recall their pre-oper-
ative health status. An incorrect recall may increase random
error but also systematic error (recall bias), which is the
method’s main disadvantage27. Recall relies on the pa-
tient’s memory, which can be fallible. However, if poor
memory alone would explain an error in recall, one might
expect a smaller precision (larger variation) in recall but
not necessarily a bias. A study that measured RS in stroke
patients using the then-test while separately testing mem-
ory did indeed ﬁnd that patients with poorer memory hada larger variation in recall, but that the quality of memory
did not affect the magnitude of the RS38. Efforts to study
the effect of recall bias on RS conclude that recall bias can-
not wholly explain the changes in then-test values8,38. A
study comparing then-test with another method (Structural
Equation Modelling) that does not rely on retrospective
scoring found that RS determined by the then-test 3 months
after surgery to treat cancer was not affected by recall
bias27. However, the median follow-up in our study was
much longer. Longitudinal studies of patients’ recall of
health before surgery show that time does not inﬂuence
their assessment over a period of 6e37 months after sur-
gery39,40. In our study, time since surgery also did not affect
RS. Although we cannot exclude the inﬂuence of recall bias,
we believe that the change in pre-op health assessment
from before to after surgery, measured in this study, is at
least partly due to RS. A promising method to remove the
inﬂuence of recall bias was used in a recent study on stroke
patients32. That study combined a subjective patient-based
score and a number of objective functional assessments.
Using a correlation analysis, individuals were identiﬁed
whose subjective prospective scores were signiﬁcantly
higher or lower than predicted by the objective measures.
In that way, they were able to identify individuals who had
an RS without recourse to retrospective testing. Such an
approach should also be feasible for studies of cartilage
repair, where functional assessments such as gait analysis
or personal activity monitors could provide the necessary
objective data.
A further assumption in our study, and in other studies of
RS, is that changes in scores over time are due to a shift of
internal standards and not due to a lack of stability over time
of the measurement scale itself. Since stability over time
has not been determined for the scores that we used, we
are not sure whether instability over time has inﬂuenced
our results. Rasch analysis, used increasingly to analyze
the construct validity of subjective health assessment
scores in osteoarthritis research41, could however be
used to address the question of stability over time in these
scores.
In the context of clinical studies, an important conse-
quence of RS is to inﬂuence the treatment effect. In our
study, the effect of the RS on all four scores was to increase
the treatment effect. This increase was large for the VAS,
small for IKDC2 and almost negligible for Lysholm and
IKDC1 scores. As mentioned above, VAS scales may be
more sensible to RSs but are also more susceptible to recall
error. However, for the questionnaire-based scores, the RS
was not a confounding inﬂuence on the interpretation of the
clinical scores. A study on RS in patients who underwent
knee arthroplasty reached a similar conclusion16. Part of
the reason that the RS had a small inﬂuence on the treat-
ment effect was the relatively large effect size of surgery.
Whether measured by UTE or ATE, surgery in our study
was associated with signiﬁcantly improved Lysholm and
IKDC scores. The effect size of microfracture in our patients
as measured by Lysholm was almost identical to the 2-year
results reported in a clinical trial of ACI vs microfracture1.
To the best of our knowledge, this is the ﬁrst attempt to
study RS in various patient-reported outcomes following
treatment of cartilage defects, both on a group level and
at the individual patient level. We found indication that on
the group level RS occurs in VAS pain, Lysholm, IKDC1
and IKDC2 scores. However, analysis of individual patients
made clear that RS does not occur in the majority of
patients. For the questionnaire-based scores, in particular
Lysholm, the effect size of the RS relative to the effect
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interpretation. In addition, we investigated which aspect of
patient-reported outcome correlated best with patient satis-
faction. Measured by their effect sizes, the post-operative
Lysholm and IKDC2 scores had a large inﬂuence on patient
satisfaction, whereas neither UTE nor ATE had a signiﬁcant
inﬂuence on patient satisfaction. As far as the surgery goes,
patients’ satisfaction is therefore mainly inﬂuenced by their
post-operative functional status per se and not by their mea-
sured or perceived increase in functional status.
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